Synchronous runup records were collected from 14 locations spaced irregularly over a 7 km stretch of a low-slope beach. The significant runup height, herein defined as the significant vertical excursion of water level at the shoreline, was typically 2 m, 60% of the incident significant wave height at the breakpoint. The runup spectra were dominated by the energy at low frequencies, with 99.9% of the variance in motions with periods longer than 20 s and 83% for periods longer than 50 s. A peak between 0.005 and 0.010 Hz was present in all spectra. Analysis of this band showed the motion to be a standing edge wave with wavelength between 5 and 10 km and significant edge wave height at the antinode of 1.3 m, accounting for half of the local significant runup height. The edge wave period was approximately 140 s and the mode number in the range 3-7. An apparently linear sand bar was present 175 m offshore, roughly the same location as the first node of cross-shore velocity for the edge wave. While the edge wave could not have been the cause of the bar (a standing edge wave does not create a linear bar), the opposite may be true, with the bar potentially providing a topographic resonance. As the local headlands extend only a small fraction of the offshore distance of the edge wave, they are unlikely to be significant reflectors. The single rip current observed occurred at the edge wave node.
INTRODUCTION
Much of the dominant morphology on natural beaches is of large scale compared to the wave length of the incident waves. Linear sand bars may have typical offshore length scales of 50-100 m, crescentic bars can have longshore wavelengths of several hundred meters, and oblique or welded bars hundreds to thousands of meters. If we are to believe that these morphologies are a response to wave motions, then the corresponding wave motions must also be long, often falling in the infragravity frequency band (frequencies 0.03 >f> 0.003 Hz).
Quantitative models have now been published which explain the generation of a number of common bar morphologies in terms of the drift velocities associated with edge waves. Crescentic bars were linked to a standing edge wave [Bowen and Inman, 1971] , linear bars to a progressive edge wave [Bowen, 1981] , and welded bars to two progressive edge wave modes of the same frequency [Holman and Bowen, 19823. In fact, field measurement on low-slope and barred beaches often find infragravity motions to be dominant [Huntley, 1976; Sasaki and Horikawa, 1975; Wright et al., 1979; Holman, 1981; Huntley et al., 1981] . It would be of considerable interest if these motions proved to include a significant edge wave component.
Providing definitive field evidence for or against the presence of edge waves has proved difficult. This is primarily a result of the similarity of the alternative wave motions when viewed in a cross-shore transect, the normal direction to instrument nearshore field experiments. However, several recent experiments show proof of edge waves through analysis of the longshore behavior of the wave motions. Katoh [1981] Huntley et al. [1981] used velocity data from a 500 m long linear curent meter array to prove the existence of low-mode infragravity edge waves on a low-slope beach. This paper will discuss data from a much longer longshore array (6 km) which show the existence of very long-standing edge wave motions on the Oregon coast. The next section of the paper will discuss edge wave kinematics, particularly as applied to the recognition of edge wave modes in the field. Next we will discuss the experiment and then the results.
EDGE WAVE KINEMATICS
If depth is not a function of the longshore coordinate, y, then the velocity potential (l)(x, y, t) for a progressive edge wave is (I)(x, y, t) = an!7 (Pn(X) COS (ky --at)
and for a standing edge wave is (l)(x, y, t) = an!7 (Pn(X) COS (ky) cos (at)
Here x is the offshore coordinate measured positive seaward from the shoreline, t is time, g the acceleration due to gravity, a is the radial frequency (2r• divided by the period T), k is the longshore wave number (2r• divided by the wavelength L), and an is the amplitude of the nth mode. The offshore structure is contained in the term Cbn(X) which again is mode dependent. For the case of a plane beach whose depth h(x)= x tan fl, where fl is the beach slope, Ursell [1952] showed the dispersion relation for edge waves to be rt 2 = gk sin (2n + 1)fi (3) are not trapped to the shoreline. A problem for field studies which emphasize the cross-shore structure of the infragravity motions has been the similarity of edge wave modes and leaky modes for small offshore distances (see, for instance, Figure 1 for the case of a plane beach). In contrast, studies in the longshore should be able to sort out different modes through their wave number (equation (3)) or should at least be able to distinguish between the leaky mode and edge wave regimes (equation (4) Figure 3 shows the time series from the 14 ranges. The low frequency nature of the runup is readily apparent. The longshore crest length of individual waves can also be seen. Table  1 includes summary statistics for the 12 data runs (neglecting B6 and B7). The mean variance for the 12 series 0.267 m 2 with a standard deviation of 0.085 m 2. The equivalent "significant runup height" (which is taken as 4 times the square root of the variance and assumes that the process is Gaussian) is 2.07 + 0.32 m. This is 58% of the incident significant wave height, slightly less than the 71% ratio found by Guza and Thornton [1982] . There is some longshore structure to the variance with a minimum near A5 or A6. Figure 5 shows the spectra from all 12 longshore locations. The frequency axis now runs from 0.00 to 0.05 Hz reflecting the low frequency dominance. The spectra all look similar in shape and (within a half order of magnitude) in energy. This is reassuring since it means that a runup measurement at a single location such as is often taken in field experiments is representative of the beach as a whole. All spectra show energy decay at frequencies greater than 0.02 Hz and less than 0.005 Hz. The very low frequency hill (f < 0.002 Hz) seems to be largely related to the falling tide. The fall off in energy on the low frequency side of the infragravity band has implications for the infragravity wave dynamics, the forcing cannot be red.
RESULTS
Most of the finer structure of the spectra are not significant at the 95% confidence level and vary between spectra. However, between 0.005 and 0.010 Hz, all spectra show a peak, suggesting the possibility of coherent motion over the entire beach length. Figure 6 shows the cross-spectral results between ranges B3 and C1. The peak between 0.005 and 0.010 Hz is significantly coherent at the 95% level despite the fact that the ranges are separated by 5 km. The phase difference is 180 ø, suggesting a motion which is standing in the longshore.
The longshore structure of this band was analyzed by using frequency domain EOF analysis [Wallace and Dickenson, 1972; Wang and Mooers, 1977] . If the cross spectrum between two ranges i and j for a particular frequency band is given by U u=C u+iQu i,j= 1, N
where C and Q are the cospectral and quadspectral estimates and N is the number of ranges, then the empirical orthogonal functions are the eigenvectors of U u. The eigenvectors will be complex and can be expressed in terms of amplitude and phase. Figure 7 shows the longshore structure of amplitude and phase for the first eigenfunction from the frequency band 0.005-0.010 Hz. The origin of longshore distance is arbitrarily taken at the farthest northern range. The amplitude structure is highly variable with an apparent node at 0.9 km. The amplitude decreases from the apparent maximum at 2.5 km to the single point at 6.0 km, although the lack of data precludes determining the existance of a second node based on amplitude alone.
The phase structure of the eigenvector proves the motion to be standing in the longshore. Phase is zero and constant to the north of the amplitude node at 0.9 km, then switches suddenly to 180 ø and constant to the south. The data point at 6.0 km indicates that phase has again switched to zero somewhere in the region of the beach where we have no data, a second longshore node. Note that the previously neglected data at B6 and B7, while of questionnable amplitude, show phase relations consistent with the rest of the data. The bold triangle, at 1.0 km on the figure, shows on the knoll. The observation of the longshore node away from this site is reassuring, precluding any camera synchronization problems and showing that the knoll did not strongly interfere in the hydrodynamics. The existence of a node in longshore structure is diagnostic of a standing wave motion. With only one node actually mapped, we cannot determine an exact wavelength. However, the existence of the second node somewhere in the region 2.5-6 km allows us to place limits on the wavelength. Assuming the position of the second node to be at minimum halfway between the first node and the 6.0 km point, and at maximum at the 6.0 km point, the full edge wave wavelength will be in the range 5-10 km. From (4) the cutoff wavelength would be 30 km, much longer than this observed wavelength, proving the motion to be a trapped edge wave. If we take a representative "mean" beach slope to be 0,02 and the wave period to be 140 s (the peak in coherence from cross spectra, Figure 6 ), the equivalent edge wave mode number will be between 3 and 7; that is the mode number is small, but not 0 The possibility that large-scale topography may place important constraints on edge waves is an appealing one from the point of view of the data presented here. First, the headlands are too small to act as significant reflectors. Second, the bandwidth of the standing wave motion is somewhat large. In an attempt to increase the frequency resolution, a further analysis was run using frequency bands of 0.0005 Hz. The phase plots of the eigenvectors showed the strong phase shift indicative of the standing wave motion in the band 0.007-0.008 Hz, a 30% variation in wavelength. However, the Fourier estimates used in the analysis had only 4-6 degrees of freedom, so confidence in the analysis must be low. It is apparent that longer data records are required to adequately resolve these frequencies using this technique. If longshore constraints are being provided by large-scale inner shelf topography, it is unclear at this time what that topography is. 
